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The Resveratrol Derivative Piceatannol Alters the Conformation of
Alzheimer’s Disease Associated Ab Protein Aggregates
Yiying Wang, Melissa A. Moss.
Chemical Engineering, University of South Carolina, Columbia, SC, USA.
Epidemiological evidence suggests that moderate red wine intake is associated
with a reduction of risk in Alzheimer’s disease (AD). Together with the fact
that natural polyphenol resveratrol is highly abundant in red wine, it is specu-
lated that resveratrol and its derivatives may play a role in preventing the pro-
gression of AD. This study investigated the behavior of resveratrol and its
derivatives, piceatannol, oxyresveratrol and piceid in interacting with AD asso-
ciated protein Ab peptides whose aggregation is hypothesized to contribute to
the pathogenesis of AD.
The inhibitory capability of resveratrol and derivatives toward Ab monomer
aggregation was evaluated using dot blotting with LOC antibody, which binds
to amyloid aggregate fibril structure. Piceatannol exhibited a significant 90%
decrease of LOC recognized amyloid aggregate b structure. In contrast, other
compounds elicited only a modest effect. TEM images reveal that this decrease
is a result of changes in fibril structure. Moreover, piceatannol is able to induce
morphology changes in pre-formed Ab aggregates. When inhibition of the
early stages of aggregation was examined using an oligomerization assay
that employs SDS-PAGE and Western blot to determine the quantity and
size of oligomers formed. None of the compounds are effective inhibitors at
this stage of aggregation. Thus, the morphology changes induced by piceatan-
nol occur post oligomerization.
Finally, to assess the impact of Ab aggregates’ morphology on neurotoxicity, a
neuronal apoptosis assay was used to assess the toxicity of morphology-altered
aggregates. Together, results suggests piceatannol to be a potential therapeutic
agent for AD.
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Effect of Hydrophobic Residues on Interfacial Fibrillization Kinetics
Samantha McBride1, Chris Tilger2, Amir Hirsa2.
1Chemical and Biological Engineering, Rensselaer Polytechnic Institute,
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The presence of amyloid fibril plaques in the brain is strongly associated with
several neurological disorders. Prediction of fibril formation is a daunting chal-
lenge because of the large number of routes to formation, the sensitivity of pro-
tein structures to various stresses, differences in fibrillization propensities
between proteins, and the vast number of possible amyloid structures. Bovine
insulin differs from human by replacement of just three amino acids, yet this
difference is sufficient to result in vastly altered fibrillization kinetics. One pos-
sibility for this large deviation may be the hydrophobicity of the three
substituted residues. Quantification of these differences can provide clues
into how and why fluid flows and interfaces influence protein stability and
induce aggregation. The exact roles of shear flow, mixing, and interfacial phe-
nomena on fibrillization are difficult to distinguish because these effects have
been coupled in previous experiments. In this work, precision flow devices
are used to decouple such effects. Mixing and shear flow have been separated
using a combination of a rotating Couette flow and solid body rotation. Inter-
facial effects are determined by kinetic differences between flows with and
without the air-water interface and by using a knife-edge viscometer to inves-
tigate the effects of interfacial shear. Together, these flow geometries and
boundary conditions can be used to distinguish the individual effects of
different fluid phenomena. Comparing flow and interfacial effects on fibrilliza-
tion time between human and bovine insulin facilitates determination of the
roles amino residues play in destabilization and aggregation. These findings
have important implications for protein stability at interfaces and within bio-
physically relevant flow fields.
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Aggregation Propensity of Prion is Kinetically Controlled by Intramolec-
ular Diffusion of Protein Chain
Kinshuk R. Srivastava, Lisa J. Lapidus.
Physics & Astronomy, Michigan State University, East Lansing, MI, USA.
Prion disease are rapidly progressive neurodegenerative disorders like Alz-
heimer’s disease and Parkinson disease that are attributed to misfolding
followed by ordered aggregation and accumulation of protein deposits in
neuronal cells. According to the ‘‘protein only’’ hypothesis, the central event
in prion pathogenesis is the conformational conversion of the cellular a-helical
rich isoform, PrPC, into misfolded b-sheet rich isoform, PrPSc. Here we present
a novel way to understand the molecular basis of Prion misfolding and aggre-
gation, by investigating the early stage intramolecular backbone reconfigura-
tion of monomer. Our hypothesis is that when reconfiguration is much fasteror much slower than bimolecular diffusion, biomolecular association is not
stable, but as the reconfiguration rate becomes similar to the rate of biomole-
cular diffusion, the association is more stable and subsequent aggregation is
faster. We are investigating the effects of reducing agent, pH and denaturant
on reconfiguration dynamics of the Hamster and Rabbit Prion protein. This
work not only provides a better understanding of early stage conformational
dynamics, but also provides a way forward for a novel therapeutic strategy
of drug development which can bind monomers and prevent aggregation at
the earliest step.
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Probing Temperature Dependent Conformation Change of Calmodulin
Protein using Molecular Dynamics Simulations
Sunita Negi.
University of Delhi, New Delhi, India.
With advancement in computing hardware and simulation techniques scientists
have developed a substantial overlap between the timescales accessible to
atomic-level simulations and those on which the fastest-biological actions
take place. In this work we probe the temperature dependent behavior of
Calmodulin (CaM) protein using Molecular dynamics (MD). CaM plays an
important role in calcium signaling pathways in the eukaryotic cells as it can
bind to a variety of other proteins or small organic compounds. Environmental
conditions such as temperature would play an important role in the dynamics of
this protein. Earlier such kinds of studies have been performed experimentally
using fluorescence measurements as in. The calcium bound form of the protein
CaM is observed to undergo a reversible conformation change in the temperature
range 22-28C. Leap-dynamics approach was used earlier to study the temper-
ature dependent conformation change of CaM. In this work we perform exten-
sive MD simulations of 100 ns each at various temperatures ranging 280-360
K on the 3CLN and 1CFD forms of calmodulin. A remarkable dependence of
folding and unfolding on the temperature and initial structure is obtained similar
to as reported in our earlier study. The linker is observed to be more flexible in
the case of 1CFD leading to a bend compact form during the simulation at 325K.
3CLN on the other hand tries to remain in a state close to its initial extended
structure. Normalmode analysis is also performed to understand the type of mo-
tion experienced by the protein during the MD simulation.
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Understanding Force-Field Bias in Pin1WW
Alexandra Iuga.
Chemistry and Biochemistry, James Madison University, Harrisonburg,
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Force field-based molecular dynamics (MD) is a powerful tool that has pro-
duced many key insights into the mechanisms of protein folding. However,
MD is not without its flaws. One well-documented problem with MD is that
some force fields have unphysical biases towards certain secondary structures.
This project focuses on understanding one particular example of force field
bias: folding pin1WW with the CHARMM27 force field. Pin1WW is a
fast-folding protein made up of three b-sheets connected with two hairpin
turns. Previous, state-of-the-art folding simulations of pin1WW using the
CHARMM27 force field only resulted in a-helical structures, a clear indication
of force field bias. This work focuses on two complementary aspects of force
field bias: 1) detecting it before performing a simulation and 2) alleviating it
to perform unbiased simulations. The initial attempts to detect the presence
of bias were based on typical scoring functions used to determine low energy
geometries of protein structures. These scoring functions were applied to native
state as well as several nonnative helical structures. Many typical functions
were not sensitive enough to detect force-field bias. Attempts to correct
force-field bias will be based on density functional theory (DFT). Namely,
the force matching algorithm will be used to change the force field so that it
reproduces DFT energies and forces. However, density functionals need to
be benchmarked to ensure that they give accurate results for proteins. There-
fore, we also present a comparison of BLYP and PBE (with and without empir-
ical dispersion corrections) and M06.
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‘‘Push and Pull’’ Hypothesis to Unify the Physical and Chemical Unfolding
of Proteins
Guilherme A. de Oliveira, Jerson L. Silva.
Medical Biochemistry, UFRJ, Rio de Janeiro, Brazil.
Proteins undergo changes in conformational states in a multidimensional land-
scape to search for the global energy minimum. Various physical and chemical
strategies, such as the use of high pressure or urea, are commonly used to
disturb folding species. Pressure favors the reversible unfolding of proteins
by causing changes in the volumetric properties of the protein-solvent system.
However, no mechanistic model has fully elucidated the effects of urea on
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crucial. Here, we provide nuclear magnetic resonance (NMR) spectroscopy
and 3D reconstructions from X-ray scattering to develop the ‘‘push and pull’’
hypothesis, which helps to explain the initial mechanism of chemical unfolding
of proteins in light of the physical events triggered by high pressure (HP). In
studying MpNep2 from Moniliophthora perniciosa, we observed that the
effects of pressure and urea on structure are different (but correlated and com-
plementary), and this difference has a major impact on unfolding. Using
HP-NMR, we tracked at least two cooperative units of MpNep2 as they moved
uphill in the energy landscape; this process contrasts with the overall structure
unfolding that occurs upon reaching a threshold concentration of urea. These
observations explain the differences between the molecular mechanisms that
control the physical and chemical unfolding of proteins, thus opening up new
possibilities for the study of protein folding and providing a new interpretation
of the nature of the cooperativity in the folding and unfolding process.
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Probe the Heme Iron Ligand and Conformational Change of Misfolded
States of Cytochrome C through EPR Spectroscopy
Qing Huang1,2, Zhigang Ke1, Guohua Yao1, Shanshan Ma1,
Jonathan Soffer3.
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China, 2University of Science and Technology of China, Hefei, China,
3Drexel University, Philadelphia, PA, USA.
Cytochrome c is a heme-protein existing in the membrane of mitochrondria
which plays a pivotal role in apoptosis. Besides its important biological func-
tions, it is a model system for protein folding and unfolding studies. Recently,
Soffer et al. [Soffer et al. Biochemistry 2013, 52, 13971408] claimed that a
meta-stable misfolded state of horse heart ferricytochreome c could be obtained
after exposing the protein to the ferricyanide solution at very alkaline pH for an
extended period of time, and it did not undergo any remarkable change in its
secondary and tertiary structures upon adjusting the solution to folding promot-
ing conditions at neutral pH. Yet the axial coordination of the heme iron as well
as the electronic structures for the misfolded protein remained undetermined.
For this purpose, in this work, electron paramagnetic resonance (EPR) spectra
of the misfolded protein in the solution at different pH values were recorded,
and DFT calculation was conducted to predict the EPR g-tensor at different
axial ligand configurations. Our EPR data indicate that the misfolded protein
at very alkaline condition exhibits a hexacoordinated low spin state, while at
pH 5 the protein adapt the configuration similar to the native-like low-spin
ferric heme complex which possesses a histidine/methionine coordination envi-
ronment. For pH value between 6 and 7, the EPR spectra appear to be the
superposition of the two species. With the aid of DFT calculation, also checked
by the EPR and other spectroscopic data, the possible hexacoordinated low spin
state with a hydroxyl ion as the proximal ligand and the pentacoordinated quan-
tum mixed state of the heme iron for misfolded protein at different folding con-
ditions were discussed. This work was partially supported by Hundred Talents
Program of Chinese Academy of Sciences.
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Constant pH Simulations with the Double Reservoir pH Replica Exchange
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1Biophysics, Johns Hopkins University, Baltimore, MD, USA,
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We present the double reservoir pH replica exchange (DR-pH-Rex) method,
which can improve convergence of constant pH simulations in situations where
proper sampling is difficult. This method separates the sampling of protonation
states from much of the sampling of protein conformations. The DR-pH-Rex
method was inspired by the single reservoir temperature replica exchange
method. The DR-pH-Rex method relies on pre-generation of two Boltzmann-
weighted structural reservoirs of conformations that correspond to two end
states at pH values where titratable groups are fully protonated and fully depro-
tonated. The end state conformations are coupled to simulations at intermediate
pH values through the pH replica exchange (pH-Rex) methodology. We tested
this method on three different systems: amino acid model compounds Lys and
Glu, a small peptide, and a challenging case of V66K variant of Staphylococcal
nuclease (SNase) which exhibits two distinctly different conformations of Lys-
66 with slow transitions between the two conformations. We benchmarked the
performance of the method through comparison with results of the pH-Rex
method, which already provides better sampling than regular constant pH sim-
ulations. For the model compounds pH-Rex and DR-pH-Rex methods yield
identical results. For the peptide, the pKa values are comparable between the
two methods, but the DR-pH-Rex method exhibits faster convergence andless noise. For the V66K variant the pH-Rex method fails to properly sample
conformational transitions of Lys-66 and results in two different pKa values
when different conformations are used as starting structure. The DR-pH-Rex
method, however, results in convergence of pKa values. Additionally we
construct a four state model with two protonation states and only two confor-
mations of Lys-66 and show that the pKa values calculated from DR-pH-
Rex simulations are in excellent agreement with the pKa values determined
from the four state model.
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Determinants of Domain Swapping in Staphylococcal Nuclease
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Previous studies have shown that the deletion of residues 114-119 (comprising
Val-114, Tyr-115, Lys-116, Gly-117, Asn-118, and Asn-119) in wild type
staphylococcal nuclease (SNase) results in a C-terminal domain swapped
dimer. The 114-119 segment constitutes the loop that precedes that C-terminal
helix that is swapped. In the crystal structure of the domain swapped state the
dimers make a well-packed interface. The domain swapped dimer is identifi-
able as a dimer crystallographically, by native gel electrophoresis, by light scat-
tering, by analytical ultracentrifugation, and by NMR spectroscopy. Chemical
denaturation of the domain swapped dimer leads to a single transition between
folded and unfolded states, suggesting that the monomeric form is unstable.
This is consistent with the effect of the 114-119 truncation on the midpoints
of the thermal and acid unfolding transitions, which show that the domain
swapped dimer is considerably less stable than the parent protein. In the highly
stable DþPHS form of SNase, which is 6.4 kcal/mol more stable than the wild
type, the 114-119 truncation also leads to a domain swapped state, suggesting
that the tendency to swap is governed more by the local conformational prop-
erties of the 114-119 turn than by the propensity of the swappable helix to exist
in the ‘‘open’’ conformation necessary for swapping. The 114-119 truncation is
less destabilizing in DþPHS SNase than in the wild type SNase. A series of
constructs in which residues 114 to 119 were removed systematically suggest
that swapping is promoted by shortening of this segment, regardless of which
residues are removed, and that only 2 to 3 residues need to be removed for
swapping to be possible. However, so long as flexibility in the loop is retained
through the presence of Gly-117, the protein appears to be capable of popu-
lating the monomeric state.
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Molecular Basis of Tetramerization and pH-Gating in the KcsA Potassium
Channel Cytoplasmic Domain
Guy Kamnesky1, Orel Hirschhorn1, Hadassa Shaked1, Jingfei Chen2,
Lishan Yao2, Jordan H. Chill1.
1Chemistry, Bar Ilan University, Ramat Gan, Israel, 2Qingdao Institute of
Bioenergy and Bioprocess Technology, Qingdao, China.
The intracellular C-terminal domain (CTD) of KcsA, a bacterial homotetra-
meric potassium channel, is a 40-residue long segment which natively adopts
a helical bundle conformation with four-fold symmetry. A hallmark of KcsA
behavior is a pH-induced conformational change which leads to opening of
the channel at acidic pH. While crystal structures of full-length KcsA failed
to observe a pH-effect upon the CTD, other biophysical methods have pre-
sented evidence to the contrary. We approached the question of CTD structure
and its pH-dependence by studying the behavior of soluble peptides corre-
sponding to residues 128-160 of the CTD (CTD34). A combination of NMR
and sedimentation equilibrium experiments established CTD34 to be a tetramer
with a KD of (2.05 0.5) x 10
11 M3 at neutral pH, and this tetrameric species
undergoes pH-dependent dissociation, rendering CTD34 fully monomeric
below pH 5.0. The structural basis for this phenomenon is destabilization of
the tetrameric CTD34 by protonation of residue H145 in the monomeric
form of the peptide.
Molecular factors contributing to CTD tetramerization were investigated by
comparing the tetrameric stability of single alanine mutants as determined by
NMR, SE and molecular dynamics. Single-residue contributions to tetramer
stability were in the 0.5-3.5 kcal/mol range. Hydrophobic interactions between
residues lining the tetramer core generally contributed more to formation of
tetramer than the inter-subunit salt-bridges between R147 and D149/E152. A
third class of residues outside the helical interface influenced tetramer stability
via the tetramerization on-rate by changing the inherent helical propensity of
CTD34 which promotes tetramer formation. We conclude that the CTD is an
independent tetramerization domain modulated by pH, and tetramer formation
is controlled by a combination of on- and off-rate effects which conform to cur-
rent paradigms of protein folding.
